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Outline
• Where Can 2020 Land?

– Translate Engineering Constraints to Mars
– Elevation, Latitude, Dust (Thermal Inertia, Dust Index)

• Imaging Coverage of Landing Sites
– Lots of Landing Sites have Coverage –

• How many? how much?
• Characterization of Landing Sites

– How Many Sites Have Been Characterized? To What Level?
– Hazard Maps – Is TRN Required?

• Relief <100 m within 1 km
• What Required to Certify Landing Sites – MSL Example

– Nearly Complete Stereo CTX and HiRISE Coverage - DEMs
– Slope, Rock & Material Property Maps

• Traversability Maps, Inescapable Hazard Maps
– Radar Reflectivity
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Elevation/Latitude Mask
• < +0.5 km [black >+0.5 km]
• ±30°

30°N

30°S
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Elevation/Lat. Mask with Thermal Inertia
±30° Latitude – About Half Surface Area of Planet
About 2/3 Too High or Too Dusty – Left with Around 15%

30°N

30°S
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< 150 = dark gray 
< 100 = light gray Christensen et al. (2001) 

TES



Lots of Available Sites

±30°, below -1-0 km elevation TI>100; dust index >0.94 (dustier than VL2)
Layered Deposits and Sedimentary Rocks: Malin, Griffes & Stack
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Imaging and 
Characterization of 

Landing Sites
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“Think Like an Engineer”



Landing Sites (1) Ellipses Based on 
Image Coverage and 
Characterization
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Landing Sites (2)
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Landing Sites (3)
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Landing Sites (4)
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Hazard Maps and TRN
• Used Stereo Anaglyphs

– Mapped Terrains and Relief 
• Similar Stereo Angle Anaglyphs with DEMs

• Topo Maps – Relief
– MOLA, HRSC, CTX
– Test against 100 m Relief within 1 km
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• Reasonably Smooth & Flat
• Some Hills, craters (CTX)
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Nili Fossae Carbonate

Proposed During 
2nd MSL Call for 
New Sites







Grid is 1m x 1m

MSL Rover Footprint

20 m “red” dunes; Easy to Imagine they 
are many m high; If so slopes >15°, so 

mobility trap, 

If slopes ~30˚also landing hazard



Nili Carbonate Ripple Density Map
Coverage in 
HiRISE:

Yellow = 9%
Orange = 22%
Red = 16%

Red are 
Inescapable 
Hazards

Need TRN to 
Avoid Red Throughout Ellipse



Nili Fossae
MOLA Tracks CTX: 5.5 m resolution

HRSC: 50 m resolution MOLA DEM





NE Syrtis
MOLA Tracks CTX: 5.5 m resolution

HRSC: 75 m resolution MOLA DEM





Criteria to Fill In During Workshop
Landing 
Site

Science 
Value 
Relative to 
2020 
Objectives

Need for 
Additional 
Imaging by 
Orbiters

Is Site 
Likely 
Land on 
or Go To?

Is Range 
Trigger 
Likely 
Needed 
for 
Access?

Does 
Range 
Trigger 
Reduce 
the Need 
for TRN?

Does 
Access 
Likely 
Require 
TRN?

If Go To, 
Would 
TRN Likely 
Make 
Land On?

NE 
Syrtis

Mostly 
Land On

No Yes Yes Probably 
Improve 
Placement

Nili
Fossae

Mostly Go 
To

No Yes Probably No
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Evaluation of Criteria
• Science Value Relative to 2020 Objectives

– Astrobiologically Relevant Environment
– Preserve Information to Understand Geological Record – Including Habitability 

and Preservation Potential
– Preserve Materials Preserve Potential Biosignatures
– Assemble Sample Cache – Include Igneous Rocks
– Consistant with “Technology” Elements

• Need for Additional Imaging by Orbiters
– Understanding of Site would benefit from Additional Orbital Imaging

• Is the Site Likely Land On or Go To?
– Land adjacent and Drive or Land On Material of Prime Interest; 25x20 km Ellipse

• Is Range Trigger Likely Needed for Access?
– Is Ellipse 16 km by 14 km Required to Land Safely (either Go To or Land On)?

• Does Range Trigger Reduce the Need for TRN?
– Can Ellipse 16 km by 14 km Fit More Safely than 25 km by 20 km Ellipse?

• Does Access Likely Require TRN?
– Are areas <110 m Radius that Violate Relief & Rock Constraints Surrounded by 

Areas >120 m radius that are Safe in Ellipse?
– Constraints: Relief >100 m within 1 km; Rock Abundance >8%

• If Go To, Would TRN Make Land On?
– Can Ellipse be Placed on Material of Prime Interest Safely with TRN?5/14/14 Golombek: Site Characterization 22



Imaging and Data Products 
Needed for Certification
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Imaging and Data Products for Site Certification
Golombek et al. (2012) Selection of the Mars Science Laboratory Landing Site: Space Sci. Rev 170, 641-737

• DEMs & Slope Maps
– HRSC, CTX, HiRISE
– Nearly Complete Stereo Image Coverage - >90%

• Rock Maps – All Rocks >1.5 m Diameter
– Rock Abundance and Size-Frequency Distribution

• Surface Material Properties
– THEMIS Thermal Inertia
– HiRISE Terrain Classification

• Traversability Maps
– Slopes, Rocks and Material Properties
– How Long Does it Take to Traverse based on Drive Mode Needed and 

Power Available
– Are Areas of Interest Reachable

• Inescapable Hazard Maps
– Slopes & Material Properties
– Enclosed Depressions or Mesas that Can Land On but Not Escape

• Radar Reflectivity
– Radar Backscatter & Cross Section; Reflectivity – Bulk Density
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Gale: Ellipsoid Elevation
Hierarchally
Co-
registered
MOLA, 
HRSC, CTX, 
HiRISE
DEMs

Golombek et al. (2012)



Holden Slopes (1m)
From 1 m 
Elevation 
Posting 
HiRISE
DEMs



Eberswalde CFA 450 m
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Cumulative 
Fractional Area 
Covered by 
Rocks of All 
Sizes from 
HiRISE
Measurements 
of Rocks >1.5 
m Diameter 
Extrapolated 
Along Model 
Size-Frequency 
Distributions 
Over 450 m 
Pixels 

Golombek et al. (2012)



Mawrth Vallis

495240

THEMIS
Thermal Inertia

J m-2 K-1 s-1/2
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High Inertia Outcrop

Low Inertia Sediment

Intermediate-Mixes



R. Fergason et al. 2012 SSR



Eberswalde Traversability
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Machine Vision
Terrain
Classification

Traversability Map – Drive Modes
Slopes, Rocks & Surface Materials

Grey – Blind Drives
Blue - Autonav
Green – Visodom
Red – Not Traversable

Blue - Ripples
Green - Featureless
Red – Scarps
Other - Bedrock



Blue=Crater
Pink=Mesa
*=Probably Escapable
**=Inescapable

Gale
Inescapable Hazards 

Golombek et al. (2012)



Gale ID. 17** Inescapable Hazard
� Crater, 400 m diameter
� 15 to 30° Slopes
� Loose material on interior slopes, bedforms on floor
� 232084 m2

� 137.548, -4.463

� Inescapable
� Coverage shows  >15 ° slopes and loose 

material around entire crater interior
� No obvious egress route
� Bedforms are likely traversable

Golombek et al. (2012)



Gale Traverse Routes

First fence

Second
fence

Canyon 1

Not Fan

First fence

Second
fence

Canyon 1

Not Fan

Canyon 2

Clay layer

Canyon 2

Clay layer
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Golombek et al. (2012)



So Let the 2020 Mars Rover 
Landing Site Selection 

Adventure 
Begin
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